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Fh = F (ζ = 0)
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3ζ2 − 1)−D Fh
2ρν
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4 (1 + 3M)
[4− 6ζ + 12M (1− ζ)− 12Sζ] . n h ﬀ h1 w


























Fη1 = Fh2 = −ϕFh1
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Superficial total flow  
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0.3 m chain D 0.7 m chain D
0.3 m chain C 0.7 m chain C
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u1(x, y, z, t)
r
u2(x, y, z, t)
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• (u+, v+, w+) = U∗0 · (u, v, w)
!_a`fU`
U ∗0









• p+ = ρ0U∗20 p
• νT+ = U∗0H∗0 · νT
• t+ = h∗0U∗
0
t
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p(x, y, z, t)
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q(x, y, z, t)
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−aKt− 12 di+ 12 ,j,Kt−1 −aKt− 32
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un+θ = θun+1 + (1− θ)un, n  ﬀ h ew
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− n  ﬀ 4i w
−S
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0 |cmax| ≤ 1
(|cmax|−1)
4|cmax|












∣∣∣ , ∣∣∣ck+ 1
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∆x = ∆y = ∆z = 0.5m
ﬀ lB_a` ofU`&`W@y#f +jLb&`\c?]@_a`Wpq[dpUbp /ay#p]@_j]XamqmH]@_a`}jL@pq[
p!pqMc1U`&!pq]@_ j b&cL[aU]Sj[]\UmcLY`
η = 0.02x − 0.1  ﬀ
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∆x = ∆y = 0.07 m
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104 · Ny = 86 · Nz = 50
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